56 


Elements of Static Strength 


material or that of a structural component. Such a term then carries units of in.- 
lb/in. 3 . The form coefficient on the other hand is a nondimensional quantity which 
attains a maximum value of 1.0 for a solid bar under uniform axial stress. On the 
premise that the material obeys Hooke’s law, the quantity of strain energy stored in 
a unit volume is given by Eq. (6.1). It follows then that for components of identical 
geometry but of dissimilar material the best energy storage is obtained from the 
lowest elastic modulus. In other words, the part is superior as an energy absorber 
when it can be both stressed and elongated to a high level. The same principle, of 
course, applies to an element in compression provided no buckling occurs. 

When a prismatic element of material is acted upon by a shear load, as shown 
for instance in Fig. 2.1, the energy storage per unit volume becomes 

u ' = i ( 612 ) 

In many practical situations, however, the stress distribution across a given section 
may not be uniform, making the volumetric efficiency smaller than that for a solid 
bar. In other words, the energy storage is directly proportional to the form factor 
J\ f , which in a number of cases is smaller than 1.0. In general we tend to subdi¬ 
vide all energy-absorbing devices into two major classes such as E- or G-governed 
systems. It can also be shown that the form factor K { = 1.0 can be attained by a 
thin-walled cylindrical member under internal pressure or by an elastic ring made 
of the so-called shock cord. The shock cord design consists of a multiple-strand 
elastic rubber with braided cotton cover. This type of an elastic ring had, over 
the years, several industrial applications. The ring is characterized by a low elastic 
modulus (less than 2000 psi) resulting in elongation on the order of 100 to 200%. 
In the G class of energy storage the conventional shear mount has a form factor 
K t = 1.0. The second best storage in this class is for a thin tube in torsion with 
K { = 0.9. The mechanical springs of helical and torsional type appear to have K { 
on the order of 0.25 to 0.35. Some of the lowest form factors are found in the stacks 
of Belleville washers which are characterized by small deflections, nonlinear behav¬ 
ior, and sharply varying compressive stresses in circumferential direction. The K i 
values for these components can be as low as 0.05. 

One of the more unique energy storage systems is known as a “ring-spring” 
consisting of inner and outer rings with matching tapered surfaces. The outer rings 
expand in uniform tension while the inner rings compress uniformly, resulting in a 
telescoping action. The dynamic response of this unique spring system is greatly 
influenced by the angle of the taper as well as the friction angle. Maier [264] gives 
a simple formula for estimating the compression and extension form factors K i for 
this spring as follows: 


R = tan(/9 + p) 
f tan f3 


In the compression mode the K f values using Eq. (6.13) were found to be in the 
range of 1.4 to 1.7. For the case of extension the plus in Eq. (6.13) becomes a minus 
sign, leading to K f numbers between 0.63 and 0.35. Standard taper angle for this 
design is usually (3 = 14°. The friction angle p falls within the range of 5° to 9°. 



